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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] This document relates to a plasma display ap-
paratus, and more particularly, to a plasma display ap-
paratus for reducing heat generated in a data driver for
supplying a driving voltage to an address electrode
formed on a plasma display panel when driving the plas-
ma display apparatus, and a driving method of the same.

Description of the Background Art

[0002] Generally, a plasma display panel comprises a
front panel and a rear panel. Barrier ribs formed between
the front panel and the rear panel form discharge cells.
Each of the discharge cells is filled with an inert gas con-
taining a main discharge gas such as neon (Ne), helium
(He) or a Ne-He gas mixture and a small amount of xenon
(Xe). The plurality of discharge cells forms one pixel. For
example, red, green and blue discharge cells form one
pixel.

[0003] When the plasma display panel is discharged
by a high frequency voltage, the inert gas generates vac-
uum ultraviolet rays and the vacuum ultraviolet rays ex-
cite phosphors formed between the barrier ribs. As a re-
sult, an image is displayed on the plasma display panel.
Since the above-described plasma display panel can be
manufactured to be thin and light, the plasma display
panel has been considered as a next generation display
apparatus.

[0004] A plurality of electrodes, for example, a scan
electrode, a sustain electrode and an address electrode
are formed on the plasma display panel. A predetermined
driving voltage is supplied to the plurality of electrodes
to generate a discharge, thereby displaying the image
on the plasma display panel. A drive integrated circuit
(IC) is connected to each of the plurality of electrodes for
supplying the driving voltage to the plurality of electrodes.
[0005] For example, a data drive IC is connected to
the address electrode of the plurality of electrodes and
a scan drive IC is connected to the scan electrode.
[0006] A plasma display apparatus comprises the
plasma display panel on which the plurality of electrodes
are formed, and the drive ICs for supplying the predeter-
mined driving voltage to the plurality of electrodes of the
plasma display panel.

[0007] A structure of the plasma display apparatus
comprising the related art data drive IC for supplying the
predetermined driving voltage to the address electrode
of the plasma display panel will be described with refer-
ence to FIG. 1.

[0008] FIG. 1 shows a structure of a plasma display
apparatus comprising a related art data drive IC.
[0009] As shown in FIG. 1, the plasma display appa-
ratus comprises top switches Qt1, Qt2 and Qt3 and bot-
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tom switches Qb1, Qb2 and Qb3 connected in series
between a data voltage source (not shown) for supplying
a data voltage Vd and a ground voltage source (not
shown) for supplying a ground level voltage GND.
[0010] A plurality of address electrodes X are connect-
ed between the top switches Qt1, Qt2 and Qt3 and the
bottom switches Qb1, Qb2 and Qb3.

[0011] Each of the top switches Qt1, Qt2 and Qt3 and
each of the bottom switches Qb1, Qb2 and Qb3 form a
data drive IC. In other words, the top switch Qt1 and the
bottom switch Qb1 form a data drive IC 100. The data
drive IC 100 is connected to an address electrode Xa of
the plurality of address electrodes X.

[0012] In the same manner as the data drive IC 100,
the data drive ICs 101 and 102 are connected to address
electrodes Xb and Xc, respectively.

[0013] Although three data drive ICs are shownin FIG.
1, the number of the data drive ICs may be variably
changed depending on the number of address electrodes
X.

[0014] An operation of the plasma display apparatus
will be described with reference to FIG. 2.

[0015] FIG. 2 shows an operation timing for explaining
an operation of the related art plasma display apparatus.
[0016] As shown in FIG. 2, when the top switch Qt1 of
the data drive IC 100 is turned on in an address period,
the data voltage Vd from the data voltage source (not
shown) is supplied to the address electrode Xa through
the top switch Qt1. Thus, as shown in FIG. 2, a voltage
of the address electrode Xa rises up to the data voltage
Vd, and then is maintained at the data voltage Vd.
[0017] When the top switch Qt1 of the data drive IC
100 is turned off and the bottom switch Qb1 is turned on,
a voltage of the address electrode Xa falls to the ground
level voltage GND. That is, a data pulse of the data volt-
age Vd is supplied to the address electrode Xa by alter-
nately operating the top switch Qt1 and the bottom switch
Qb1.

[0018] Switching operations for supplying a data pulse
of each of the data drive ICs 101 and 102 are the same
as the data drive IC 100.

[0019] Heat of a relatively high temperature is gener-
ated in the switches of each of the data drive ICs shown
in FIG. 1 in the related art plasma display apparatus op-
erated as described above.

[0020] For example, suppose that the data voltage Vd
supplied from the data voltage source is 60 V and resist-
ance of each of the top switches Qt1, Qt2 and Qt3 is R.
[0021] When the data drive IC 100 supplies the data
voltage Vd to the address electrode Xa, a current flowing
in the top switch Qt1 and a power consumed in the top
switch Qt1 are represented by the following Equation 1.

[0022] [Equation 1]

[0023] i=60V/R

[0024] W =i X 60V

[0025] In Equation 1, i denotes a current following in

the top switch Qt1. W denotes a power consumed in the
top switch Qt1.
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[0026] Asshowninthe above Equation 1, when driving
the data drive IC 100, the top switch Qt1 consumes a
power corresponding to (i X 60V). At this time, the heat
is generated in the top switch Qt1 in proportion to the
consumption power W. For example, supposing that a
resistance of the top switch Qt1is 30 Q, heat correspond-
ing to a power of 120W [(60/30) X 60] is generated in
the top switch Qt1.

[0027] Heatgenerated in each of the top switches Qt1,
Qt2 and Qt3 is generated in each of the bottom switches
Qb1, Qb2 and Qb3.

[0028] In particular, when image data is a specific pat-
tern in which logic values 1 and 0 are repeated, heat of
a considerably high temperature is generated in the
switches of the data drive ICs, thereby burning the switch-
es.

[0029] For example, when the number of discharge
cells disposed on the address electrode Xa is 200 and
the data voltage Vd is supplied to every other discharge
cell of 200 discharge cells, heat corresponding to a max-
imum power of 12,000 W [(60/30) X 60 x 100] is gener-
ated in the top switch Qt1 during an address period of a
subfield.

SUMMARY OF THE INVENTION

[0030] Accordingly, an object of the present invention
is to solve at least the problems and disadvantages of
the background art.

[0031] An embodiment of the present invention pro-
vides a plasma display apparatus with an improved op-
eration stability by preventing thermal and electrical dam-
ages of a data drive integrated circuit, and a driving meth-
od of the same.

[0032] Accordingtoanaspect,thereis provided a plas-
ma display apparatus comprising a plasma display panel
comprising an address electrode, and a driver for sup-
plying the first data pulse to the address electrode when
a temperature of the plasma display panel or an ambient
temperature of the plasma display panel is less than a
first temperature, wherein the driver supplies the second
data pulse different from the first data pulse to the ad-
dress electrode when the temperature of the plasma dis-
play panel or the ambient temperature of the plasma dis-
play panel is equal to or more than the first temperature.
[0033] The operation stability of the plasma display ap-
paratus according to the embodiment of the present in-
vention is improved by adding an energy recovery circuit
to a data driver for supplying a data pulse.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The accompany drawings, which are included
to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention and to-
gether with the description serve to explain the principles
of the invention. In the drawings:
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[0035] FIG. 1 shows a structure of a plasma display
apparatus comprising a related art data drive integrated
circuit;

[0036] FIG. 2 shows an operation timing for explaining
an operation of the related art plasma display apparatus;
[0037] FIG. 3 shows a structure of a plasma display
apparatus according to an embodiment of the present
invention;

[0038] FIG. 4 shows a structure of a plasma display
panel of the plasma display apparatus according to the
embodiment of the present invention;

[0039] FIG.5illustrates a method forrepresenting gray
scale of an image in the plasma display apparatus ac-
cording to the embodiment of the present invention;
[0040] FIG. 6 illustrates an operation of a driver com-
prising a data driver, a scan driver and a sustain driver
in the plasma display apparatus according to the embod-
iment of the present invention;

[0041] FIG. 7 illustrates an operation of the driver of
the plasma display apparatus according to the embodi-
ment of the present invention;

[0042] FIGS.8aand 8billustrate amethod of supplying
a first data pulse of FIG. 7;

[0043] FIGS. 9a and 9b illustrate a temperature of the
driver, preferably, the data driver;

[0044] FIG. 10 illustrates a data pulse, whose voltage
rising period and/or voltage falling period is relatively
long;

[0045] FIG. 11 illustrates a method of determining volt-
age rising period and voltage falling period of a data
pulse;

[0046] FIGS. 12a and 12b illustrate a method of differ-

ing voltage rising period and voltage falling period of a
data pulse from each other;

[0047] FIG. 13 illustrates another method of supplying
a data pulse of relatively long voltage rising period and/or
relatively long voltage falling period;

[0048] FIG. 14 illustrates a structure of the driver, pref-
erably, the data driver of the plasma display apparatus
according to the embodiment of the present invention;
[0049] FIGS. 15a through 15c illustrate an operation
of the driver of FIG. 14;

[0050] FIGS. 16a through 16e illustrate an operation
of the driver of FIG. 14;

[0051] FIG. 17 illustrates a method of dividing a plu-
rality of address electrodes of a plasma display panel
into two address electrode groups;

[0052] FIG. 18 illustrates a method of dividing a plu-
rality of address electrodes of a plasma display panel
into four address electrode groups;

[0053] FIG. 19 illustrates a method of dividing a plu-
rality of address electrodes of a plasma display panel
into a plurality of address electrode groups, whose one
or more includes the different number of address elec-
trodes from the number of address electrodes of the re-
maining address electrode groups;

[0054] FIG. 20 illustrates a structure of a driver for sup-
plying data pulses of different patterns to two address
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electrode groups;

[0055] FIG. 21 illustrates an operation of the plasma
display apparatus according to the embodiment of the
present invention, in which a plurality of address elec-
trodes are divided into two address electrode groups; and
[0056] FIG. 22 illustrates an operation of the plasma
display apparatus according to the embodiment of the
present invention, in which a plurality of address elec-
trodes are divided into three or more address electrode
groups.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0057] Reference will now be made in detail to embod-
iments of the present invention, examples of which are
illustrated in the accompanying drawings.

[0058] A plasma display apparatus according to an as-
pect of the present invention comprises a plasma display
panel comprising an address electrode, and a driver for
supplying afirst data pulse to the address electrode when
a temperature of the plasma display panel or an ambient
temperature of the plasma display panel is less than a
first temperature. The driver supplies the second data
pulse different from the first data pulse to the address
electrode when the temperature of the plasma display
panel or the ambient temperature of the plasma display
panel is equal to or more than the first temperature.
[0059] The first data pulse and the second data pulse
are applied in the same subfield.

[0060] Voltage rising period and/or voltage falling pe-
riod of the second data pulse is longer than voltage rising
period and/or voltage falling period of the first data pulse.
[0061] The voltage rising period ranges from 10% of a
maximum value of the first data pulse or the second data
pulse to 90% of the maximum value, and the voltage
falling period ranges from 90% of the maximum value to
10% of the maximum value.

[0062] The voltage rising period and/or the voltage fall-
ing period of the first data pulse or the second data pulse
ranges from 500 ns to 1,000 ns.

[0063] A plasma display apparatus according to an-
other aspect of the presentinvention comprises a plasma
display panel comprising an address electrode, a data
driver for supplying a data pulse to the address electrode,
and an energy recovery circuit for supplying a data pulse
different from the data pulse supplied from the data driver
to the address electrode depending on a temperature of
the plasma display panel or an ambient temperature of
the plasma display panel.

[0064] A method of driving a plasma display apparatus
according to still another aspect of the present invention
comprises supplying a first data pulse to an address elec-
trode when a temperature of a plasma display panel or
an ambient temperature of the plasma display panel is
less than a first temperature, and supplying a second
data pulse different from the first data pulse to the ad-
dress electrode when the temperature of the plasma dis-
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play panel or the ambient temperature of the plasma dis-
play panel is equal to or more than the first temperature.
[0065] Hereinafter, exemplary embodiments of the
present invention will be described in detail with refer-
ence to the attached drawings.

[0066] FIG. 3 shows a structure of a plasma display
apparatus according to an embodiment of the present
invention.

[0067] As shown in FIG. 3, the plasma display appa-
ratus according to the embodiment of the present inven-
tion comprises a plasma display panel 300 and a driver
304.

[0068] The plasmadisplay panel 300 comprises a front
panel (not shown) and a rear panel (not shown) which
are coalesced with each other at a given distance ther-
ebetween. A plurality of electrodes, for example, a plu-
rality of address electrodes X are formed on the plasma
display panel 300. A structure of the plasma display panel
300 will be described in detail with reference to FIG. 4.
[0069] FIG. 4 shows a structure of a plasma display
panel of the plasma display apparatus according to the
embodiment of the present invention.

[0070] As shown in FIG. 4, the plasma display panel
comprises a front panel 400 and a rear panel 410 which
are coupled in parallel at a given distance therebetween.
A plurality of maintenance electrodes comprising a plu-
rality of scan electrodes 402 and Y and a plurality of sus-
tain electrodes 403 and Z are formed on a front substrate
401 of the front panel 400, which is a display surface for
displaying an image. A plurality of address electrodes
413 and X are formed on a rear substrate 411 of the rear
panel 410 to intersect the plurality of maintenance elec-
trodes.

[0071] The maintenance electrode maintains light-
emissions of cells by a mutual discharge between the
scan electrodes 402 and Y and the sustain electrodes
403 and Z in one discharge space, that is, one discharge
cell. The scan electrode 402 and Y and the sustain elec-
trode 403 and Z each comprise transparent electrodes
402a and 403a made of a transparent material, for ex-
ample, indium-tin-oxide (ITO) and bus electrodes 402b
and 403b made of a metal material.

[0072] Oneormoreupperdielectriclayers 404 are cov-
ered on an upper part of the maintenance electrode to
limit a discharge current and to provide insulation be-
tween the maintenance electrodes. A protective layer
105 depositing with MgO is formed on an upper surface
of the upper dielectric layer 404 to facilitate discharge
conditions.

[0073] A plurality of stripe-type (or well-type) barrier
ribs 412 are formed in parallel on the rear panel 410 to
form a plurality of discharge spaces, that is, a plurality of
discharge cells. The plurality of address electrodes 413
and X are formed in parallel with the barrier ribs 412 to
perform an address discharge and generate vacuum ul-
traviolet rays.

[0074] Red (R), green (G) and blue (B) phosphors 414
are coated on an upper surface of the rear panel 410 to
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emit visible light for an image display during the address
discharge. A lower dielectric layer 415 is formed between
the address electrodes 413 and X and the phosphors
414 to protect the address electrodes 413 and X.
[0075] An example of the plasma display panel capa-
ble of being used in the present invention is shown and
described with reference to FIG. 4. However, the present
invention is not limited thereto.

[0076] For example, the scan electrodes 402 and Y,
the sustain electrodes 403 and Z and the address elec-
trodes 413 and X are formed on the plasma display panel
300 in FIG. 4. However, the scan electrodes 402 and Y
or the sustain electrodes 403 and Z may be omitted in
the plasma display panel 300 used in the plasma display
apparatus according to the embodiment of the present
invention.

[0077] Inotherwords,the maintenance electrode com-
prises both the scan electrodes 402 and Y and the sustain
electrodes 403 and Z in FIG. 4. However, the mainte-
nance electrode may comprise the scan electrodes 402
and Y or the sustain electrodes 403 and Z.

[0078] The scan electrodes 402 and Y and the sustain
electrodes 403 and Z each comprise the transparent
electrodes 402a and 403a and the bus electrodes 402b
and 403b in FIG. 4. However, at least one of the scan
electrodes 402 and Y and the sustain electrodes 403 and
Z may comprise only the bus electrodes 402b and 403b.
[0079] The scan electrodes 402 and Y and the sustain
electrodes 403 and Z are formed on the front panel 400
and the address electrodes 413 and X are formed on the
rear panel 410 in FIG. 4. However, the scan electrodes
402 and Y, the sustain electrodes 403 and Z and the
address electrodes 413 and X may be formed on the front
panel 400. Further, at least one of the scan electrodes
402 and Y, the sustain electrodes 403 and Z or the ad-
dress electrodes 413 and X may be formed on the barrier
rib 412.

[0080] In short, the plasma display panel capable of
being used in the embodiment of the present invention
comprises the plurality of address electrodes and the
maintenance electrodes, and the remaining conditions
do not matter.

[0081] The description of FIG. 4 is finished and the
description of FIG. 3 is again continued.

[0082] Thedriver 304 supplies a predetermined driving
voltage to the plurality of electrodes formed on the plasma
display panel 300 in several subfields of one frame.
[0083] Here, a structure of a frame for driving the plu-
rality of electrodes of the plasma display panel 300 will
be described in detail with reference to FIG. 5.

[0084] FIG.5illustrates a method for representing gray
scale of an image in the plasma display apparatus ac-
cording to the embodiment of the present invention.
[0085] As shown in FIG. 5, one frame in the plasma
display apparatus is divided into several subfields whose
number of light-emissions are different from one another.
Although it is not shown, each of the subfields comprises
a reset period for initializing all of the discharge cells, an
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address period for selecting cells to be discharged and
a sustain period for representing gray scale in accord-
ance with number of discharges.

[0086] For example, in a case of representing gray
scale of 256 images, a frame period (16.67 ms) corre-
sponding to 1/60 second is divided into eight subfields
SF1 to SF8. The eight subfields SF1 to SF8 each com-
prise a reset period, an address period and a sustain
period.

[0087] The duration of the reset period in a subfield is
equal to the duration of the reset periods in the remaining
subfields. Likewise the reset period, the duration of the
address period in a subfield is equal to the duration of
the address periods in the remaining subfields.

[0088] The voltage difference between the address
electrode X and the scan electrode Y generates the ad-
dress discharge for selecting the cells to be discharged.
[0089] The sustain period determines gray level weight
of each of the subfields. For example, gray level weight
of a first subfield is set as 20 and gray level weight of a
second subfield is set as 21. In other words, gray level
weight of each of the subfields can be determined to in-
crease a gray level weight of each of the subfields at a
ratioof 2" (n=0, 1, 2, 3,4, 5, 6, 7). Grey level of various
images is represented by controlling the number of sus-
tain pulses supplied during the sustain period of each of
the subfields depending on gray level weight of each of
the subfields during the sustain period.

[0090] The plasma display apparatus according to the
embodiment of the present invention uses the plurality
of frames for displaying an image during 1 second. For
example, 60 frames are used for displaying the image
during 1 second.

[0091] One frame comprises eight subfields in FIG. 5.
However, the number of subfields included in one frame
can be variously changed. For example, one frame may
comprise twelve subfields or ten subfields.

[0092] Image quality of the plasma display apparatus
representing gray scale of an image using a frame is
determined depending on the number of subfields includ-
edin aframe. Forexample, when the number of subfields
is 12, gray scale of 212 images is represented. When the
number of subfields is 8, gray scale of 28 images is rep-
resented.

[0093] Further, the plurality of subfields are arranged
in the order, in which gray level weight increases, in FIG.
5. However, the plurality of subfields may be arranged in
the order, in which gray level weight decreases. Further,
the plurality of subfields may be arranged irrespective of
gray level weight.

[0094] The description of FIG. 5 is finished and the
description of FIG. 3 is again continued.

[0095] The structure of the driver 304 for driving the
plurality of electrodes of the plasma display panel 300 in
several subfields of one frame can be variably changed
depending on the plurality of electrodes formed on the
plasma display panel 300.

[0096] When the scan electrode Y and the sustain
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electrode Z are formed in parallel on the plasma display
panel 300 and the address electrode X is formed to in-
terest the scan electrode Y and the sustain electrode Z,
itis preferable that the driver 304 comprises a data driver
301, a scan driver 302 and a sustain driver 304.

[0097] As described above, an operation of the driver
304 comprising the data driver 301, the scan driver 302
and the sustain driver 304 will be described with refer-
ence to FIG. 6.

[0098] FIG. 6 illustrates an operation of a driver com-
prising a data driver, a scan driver and a sustain driver.
[0099] As shown in FIG. 6, the driver 304 supplies a
driving pulse to the address electrode X, the scan elec-
trode Y and the sustain electrode Z during a reset period,
an address period and a sustain period.

[0100] As shown in FIG. 6, the driver 304 supplies a
rising waveform Ramp-up to the scan electrode Y during
a setup period of the reset period. Preferably, the scan
driver 302 of the driver 304 supplies the rising waveform
Ramp-up to the scan electrode Y.

[0101] A weak dark discharge is generated within the
discharge cells of the entire screen by the rising wave-
form Ramp-up. By performing the weak dark discharge,
positive wall charges are accumulated on the address
electrodes X and the sustain electrodes Z and negative
wall charges are accumulated on the scan electrodes Y.
[0102] Inaset-down period, the driver 304, preferably,
the scan driver 302 of the driver 304 supplies a falling
waveform Ramp-down, which falls from a positive volt-
age lower than a peak voltage of the rising waveform
Ramp-up to a specific voltage of a ground level voltage
or less, to the scan electrodes Y.

[0103] The falling waveform Ramp-down generates a
weak erasure discharge within the discharge cells. The
weak erasure discharge sufficiently erases the wall
charges excessively formed within the discharge cells.
By performing the weak erase discharge, the wall charg-
es uniformly remain within the discharge cells to the de-
gree that there is the generation of a stable address dis-
charge.

[0104] Intheaddress period,the driver 304, preferably,
the scan driver 302 of the driver 304 supplies a negative
scan pulse Sp falling from a scan reference voltage Vsc
to the scan electrode Y. Moreover, the driver 304, pref-
erably, the data driver 301 of the driver 304 supplies a
positive data pulse Dp synchronized with the scan pulse
Sp to the address electrode X.

[0105] While the voltage difference between the neg-
ative scan pulse Sp and the positive data pulse Dp is
added to the wall charges produced during the reset pe-
riod, the address discharge is generated within the dis-
charge cells to which the data pulse Dp is applied. The
wall charges necessary for a sustain discharge when ap-
plying a sustain voltage Vs are formed within the dis-
charge cells selected by performing the address dis-
charge. Accordingly, the scanning of the scan electrode
Y is performed.

[0106] In the sustain period, the driver 304 alternately
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supplies a sustain pulse SUSp to at least one of the scan
electrode Y and the sustain electrode Z. Preferably, each
of the scan driver 302 and the sustain driver 304 of the
driver 304 alternately supplies the sustain pulse SUSp
to each of the scan electrode Y and the sustain electrode
Z.

[0107] While the wall voltage within the cells selected
by performing the address discharge is added to the sus-
tain pulse SUSp, a sustain discharge, that is, a display
discharge, is generated between the scan electrode Y
and the sustain electrode Z whenever the sustain pulse
SUSp is applied.

[0108] An operation of the driver 304, preferably, the
data driver 301 for supplying the data pulse Dp synchro-
nized with the scan pulse Sp to the address electrode X
during the address period will be described in detail with
reference to FIG. 7.

[0109] FIG. 7 illustrates an operation of the driver of
the plasma display apparatus according to the embodi-
ment of the present invention.

[0110] As shown in FIG. 7, a plurality of data pulses
are supplied to the address electrode X during the ad-
dress period. When a temperature of the data driver 301
is equal to or more than a first temperature, a first data
pulse dp1 is supplied. Further, when the temperature of
the data driver 301 is less than the first temperature, one
or more second data pulses dp2 different from the first
data pulse dp1 are supplied.

[0111] The first temperature means a temperature
scope having a variable section atuser’s request. In other
words, the first temperature can be determined at user’s
need, and thus the first temperature according to the em-
bodiment of the present invention may be a variable tem-
perature section having a given temperature scope.
[0112] Itis preferable that voltage rising period and/or
voltage falling period of the first data pulse dp1 is longer
than voltage rising period and/or voltage falling period of
the second data pulse dp2.

[0113] When a temperature of the data driver 301 is
equal to or more than the first temperature, one or more
first data pulses dp1, whose the voltage rising period
and/or the voltage falling period is longer than the voltage
rising period and/or the voltage falling period of the sec-
ond data pulse dp2, are supplied.

[0114] More specifically, the driver 304, preferably, the
data driver 301 of FIG. 3 supplies the plurality of data
pulses to the address electrode X during the address
period. At this time, when the temperature of the data
driver 301 is equal to or more than the first temperature,
one or more first data pulses dp1, whose the voltage
rising period and/or the voltage falling period is longer
than the voltage rising period and/or the voltage falling
period of the second data pulse dp2, are supplied to the
address electrode X, as shown in (a) and (b) of FIG. 7.
[0115] The voltage rising period and/or the voltage fall-
ing period of the data pulse supplied to the address elec-
trode X can be variably changed depending on the tem-
perature of the driver, preferably, the data driver for sup-
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plying the data pulse.

[0116] A method of supplying the first data pulse dp1
of the relatively long voltage rising period and/or the rel-
atively long voltage falling period will be described with
reference to FIG. 8.

[0117] FIGS. 8aand 8billustrate a method of supplying
a first data pulse of FIG. 7.

[0118] When the temperature of the driver, preferably,
the data driver for supplying the data pulse is relatively
high and equal to or more than the first temperature, a
pattern of a data pulse shown in FIG. 8a is supplied to
the address electrode X. When the temperature of the
driver, preferably, the data driver for supplying the data
pulse is relatively low and less than the first temperature,
a pattern of a data pulse shown in FIG. 8b is supplied to
the address electrode X.

[0119] AsshowninFIG. 8b, all of the data pulses sup-
plied to the address electrode X have relatively short volt-
age rising period and/or relatively short voltage falling
period, like the second data pulse dp2 of FIG. 7.

[0120] On the other hand, as shown in FIG. 8a, a first
data pulse supplied to a discharge cell located on a scan
electrode Y1 and a sustain electrode Z1 and a last data
pulse supplied to a discharge cell located on a scan elec-
trode Y7 and a sustain electrode Z7 among the plurality
of data pulses supplied to the address electrode X each
have relatively long voltage rising period and/or relatively
long voltage falling period, like the first data pulse dp1 of
FIG. 7.

[0121] In short, as shown in FIG. 8(a), when the tem-
perature of the driver, preferably, the data driver is rela-
tively high and equal to or more than the first temperature,
one or more first data pulses dp1 of the relatively long
voltage rising period and/or the relatively long voltage
falling period are supplied. As shown in FIG. 8(b), when
the temperature of the driver, preferably, the data driver
is relatively low and less than the first temperature, the
first data pulse dp1 is not supplied.

[0122] However, one or more first data pulses may be
supplied at the first temperature or more and below the
first temperature.

[0123] When one or more first data pulses of the rela-
tively long voltage rising period and/or the relatively long
voltage falling period are supplied at the first temperature
or more and below the first temperature as described
above, itis preferable that the number of first data pulses
at the first temperature or more is more than the number
of first data pulses below the first temperature.

[0124] As described above, a condition for supplying
the data pulse of the relatively long voltage rising period
and/or the relatively long voltage falling period, that is, a
temperature of the driver, preferably, the data driver will
be described with reference to FIGS. 9a and 9b.

[0125] FIGS. 9a and 9b illustrate a temperature of a
driver, preferably, a data driver.

[0126] As shownin FIG. 9a, equivalent capacitance is
formed between the address electrodes X of the plasma
display panel. Further, equivalent capacitance is formed
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between the address electrode X and the scan electrode
Y and between the address electrode X and the sustain
electrode Z.

[0127] For example, as shown in FIG. 9a, a discharge
cell is formed at each of points where a maintenance
electrode, that is, a scan electrode Y, and a sustain elec-
trode Z,, which are formed in parallel, intersect address
electrodes X, and Xg. Here, a capacitor C1 having ca-
pacitance of a predetermined magnitude is equivalently
formed between the address electrode X, and the scan
electrode Y,. A capacitor C2 having capacitance of a
predetermined magnitude is equivalently formed be-
tweenthe address electrode X, and the sustain electrode
Z,. A capacitor C3 having capacitance of a predeter-
mined magnitude is equivalently formed between the ad-
dress electrode X, and the address electrode Xg.
[0128] As described above, one discharge cell of the
plasma display panel is understood as the capacitor hav-
ing equivalence capacitance of the predetermined mag-
nitude.

[0129] When driving the plasma display panel, a dis-
placement current id flowing in one address electrode X
is determined depending on the equivalence capacitance
of the discharge cell and a change rate of a voltage per
unit time.

[0130] The displacement current id is represented by
the following Equation 2.

[0131] [Equation 2]

[0132] Displacement Current (id) = C(capacitance) X
dv/dt

[0133] As shown in the above Equation 2, supposing

that a change rate of a voltage V per time t is fixed, the
displacement currentid is determined by the equivalence
capacitance C. That is, when the equivalence capaci-
tance Cincreases, the displacement currentidincreases.
On the contrary, when the equivalence capacitance C
decreases, the displacement currentid decreases. Here,
heat generated in the driver, preferably, the data driver
is proportional to a magnitude of the displacement current
id.

[0134] That is, when the magnitude of the displace-
ment current id increases, the amount of heat generated
in the data driver increases. On the contrary, when the
magnitude of the displacement current id decreases, the
amount of heat generated in the data driver decreases.
[0135] The above-described equivalence capacitance
C is determined depending on a pattern of the data pulse
supplied to the address electrode X.

[0136] AsshowninFIG.9b, apattern of the data pulse,
in which logical values of high and low repeat, is shown
in (a) of FIG. 9b. In a case of (a) of FIG. 9b, the data
pulse of the data voltage Vd is supplied to every other
discharge cell of the plurality of discharge cells.

[0137] A pattern of the data pulse, in which a logical
value of high is maintained, is shown in (b) of FIG. 9b. In
acase of (b) of FIG. 9b, the data pulse of the data voltage
Vd is supplied to all of the plurality of discharge cells.
[0138] A logical level of the data pulse is maintained
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at a fixed level in (b) of FIG. 9b, and thus dV/dt of the
above Equation 2 is zero. Therefore, the displacement
current id does not flow. Accordingly, an extremely small
amount of heat is generated in the driver, preferably, the
data driver.

[0139] On the contrary, alogical level of the data pulse
constantly changes in (a) of FIG. 9b, and thus the dis-
placement current id according to the above Equation 2
has the maximum value. In other words, the displace-
ment currentid is generated in proportional to the number
of changes of the logical level of the data pulse in (a) of
FIG. 9b.

[0140] A load value of an image signal is determined
by the number of changes of the logical level of the data
pulse in consideration of the pattern of the data pulse of
FIG. 9b.

[0141] When the pattern of the data pulse shown in (a)
of FIG. 9b is supplied, the displacement current of the
excessively large magnitude flows in the driver, prefera-
bly, the data driver. Accordingly, heat is generated in the
data driver to the degree that there is the generation of
thermal damage of the data driver.

[0142] After all, the driver, preferably, the data driver
is thermally and electrically damaged.

[0143] (a) of FIG. 9b corresponds to a case where the
temperature of the data driver is equal to or more than
the firsttemperature. (b) of FIG. 9b corresponds to a case
where the temperature of the data driver is less than the
first temperature.

[0144] As in (a) of FIG. 9b, when the temperature of
the data driver is relatively high, a data pulse of relatively
long voltage rising period and/or relatively long voltage
falling period is supplied like the first data pulse dp1 of
FIG. 7. This reason is that heat generated in the data
driver is prevented from being concentrated in a specific
switching element, preferably, a data drive IC. Accord-
ingly, thermal and electrical stability of the data driver is
ensured.

[0145] An operation of the data driver will be later de-
scribed in detail with reference to FIG. 15.

[0146] A data pulse of relatively long voltage rising pe-
riod and/or relatively long voltage falling period, like the
first data pulse dp1 of FIG. 7, will be described in detail
with reference to FIG. 10.

[0147] FIG. 10 illustrates a data pulse, whose voltage
rising period and/or voltage falling period is relatively
long.

[0148] As shown in FIG. 10, a voltage of the first data

pulse dp1 (refer to FIG. 8a) supplied to the discharge cell
located on the scan electrode Y1 and the sustain elec-
trode Z1 gradually rises from the ground level voltage
GND to the data voltage Vd during voltage rising period
t1. Then, a voltage of the first data pulse dp1 gradually
falls from the data voltage Vd to the ground level voltage
GND during voltage falling period t2. It is preferable that
the voltage rising period t1 is approximately equal to the
voltage falling period t2. Further, the voltage rising period
t1 may be different from the voltage falling period t2.
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[0149] On the contrary, the second data pulse dp2 (re-
fer to FIG. 8a) supplied to a discharge cell located on a
scan electrode Y2 and a sustain electrode Z2 is not
shown in FIG. 10. However, a voltage of the second data
pulse dp2 sharply rises from the ground level voltage
GND to the data voltage Vd, and sharply falls from the
data voltage Vd to the ground level voltage GND.
[0150] Voltage rising period and/or voltage falling pe-
riod of the first data pulse dp1 is longer than voltage rising
period and/or voltage falling period of the second data
pulse dp2.

[0151] Itis preferable that as shown in (a) of FIG. 10,
the voltage rising period and/or the voltage falling period
of the first data pulse dp1 relatively longer than those of
the second data pulse dp2 is approximately equal to volt-
age rising period and/or voltage falling period of a sustain
pulse SUS supplied during the sustain period, as shown
in (b) of FIG. 10.

[0152] Thatis, the voltage rising period t1 and the volt-
age falling period t2 of the first data pulse dp1 in (a) of
FIG. 10 is approximately equal to voltage rising period
t1” and voltage falling period t2’ of the sustain pulse SUS
in (b) of FIG. 10, respectively.

[0153] Thisreason is that a driving circuit for supplying
the first data pulse dp1 and a driving circuit for supplying
the sustain pulse SUS use the same energy recovery
circuit.

[0154] More preferably, the voltage rising period t1
and/or the voltage falling period t2 of the first data pulse
dp1 ranges from 500 ns to 1,000 ns.

[0155] This reason is that considering that the energy
recovery circuit is used in the driving circuit for supplying
the first data pulse dp1, switching time of the energy re-
covery circuit must range from 500 ns to 1,000 ns so that
a driving efficiency of the energy recovery circuit is en-
sured. This will be described later with reference to FIG.
15.

[0156] The voltage rising period and the voltage falling
period of the data pulse is determined depending on a
magnitude of a maximum voltage of the data pulse. This
will be described in detail with reference to FIG. 11.

[0157] FIG. 11 illustrates a method of determining volt-
age rising period and voltage falling period of a data
pulse.

[0158] As shown in FIG. 11, it is preferable that the

voltage rising period t1 of the data pulse ranges from an
application time point of 1/10 Vmax of a maximum voltage
Vmax to an application time point of 9/10 Vmax of the
maximum voltage Vmax.

[0159] For example, when the maximum voltage, that
is, the data voltage Vd of the data pulse is 100 V, the
voltage rising period t1 of the data pulse ranges from an
application time point of 10 V to an application time point
of 90 V.

[0160] Further, it is preferable that the voltage falling
period t2 of the data pulse ranges from an application
time point of 9/10 Vmax of the maximum voltage Vmax
to an application time point of 1/10 Vmax of the maximum
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voltage Vmax.

[0161] For example, when the maximum voltage, that
is, the data voltage Vd of the data pulse is 100 V, the
voltage falling period t2 of the data pulse ranges from an
application time point of 90V to an application time point
of 10 V.

[0162] At least one of the plurality of data pulses, for
example, the voltage rising period and the voltage falling
period of the first data pulse shown in FIG. 8a are ap-
proximately equal to each other.

[0163] However, the voltage rising period and the volt-
age falling period of the first data pulse may be different
from each other. A method of differing the voltage rising
period and the voltage falling period of the data pulse
from each other will be described with reference to FIGS.
12a and 12b.

[0164] FIGS. 12aand 12b illustrate a method of differ-
ing voltage rising period and voltage falling period of a
data pulse from each other.

[0165] When compared FIG. 12a with FIG. 8a, voltage
rising period of the first data pulse dp1 and a seventh
data pulse dp7 is longer than voltage rising period of the
remaining data pulses. Further, voltage falling period of
the first data pulse dp1 and the seventh data pulse dp7
is approximately equal to voltage falling period of the re-
maining data pulses.

[0166] When compared FIG. 12b with FIG. 8a, voltage
falling period of the first data pulse dp1 and the seventh
data pulse dp7 may be longer than voltage falling period
of the remaining data pulses. Further, voltage rising pe-
riod of the first data pulse dp1 and the seventh data pulse
dp7 may be approximately equal to voltage rising period
of the remaining data pulses.

[0167] The method of differing the voltage rising period
and the voltage falling period of the data pulse from each
other is as follows. The data voltage Vd is supplied
through resonance of an inductor due to the operation of
the energy recovery circuit in the driving circuit for sup-
plying the data pulse during voltage rising period or volt-
age falling period. Then, the data voltage Vd is directly
supplied during the remaining voltage rising period or the
remaining voltage falling period.

[0168] Another method of supplying a data pulse of
relatively long voltage rising period and/or relatively long
voltage falling period will be described with reference to
FIG. 13.

[0169] FIG. 13illustrates another method of supplying
a data pulse of relatively long voltage rising period and/or
relatively long voltage falling period.

[0170] As showninFIG. 13, as the temperature of the
data driver increases, the number of data pulses of the
relatively long voltage rising period and/or relatively long
voltage falling period increases.

[0171] Preferably, voltage rising period and/or voltage
falling period of one data pulse of predetermined-num-
bered data pulses among the plurality of data pulses sup-
plied to the address electrode X is longer than voltage
rising period and/or voltage falling period of the remaining
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data pulses.

[0172] For example, when the temperature of the data
driver is relatively low and less than a second tempera-
ture, voltage rising period and/or voltage falling period of
one of ten data pulses is relatively long. That is, when
the data driver supplies ten data pulses, voltage rising
period and/or voltage falling period of one of ten data
pulses is longer than voltage rising period and/or voltage
falling period of the remaining data pulses.

[0173] In other words, when the data driver supplies a
total of ten data pulses, the energy recovery circuit is
operated one times.

[0174] Further, whenthe temperature of the data driver
is equal to or more than the second temperature, voltage
rising period and/or voltage falling period of one of eight
data pulsesis relatively long. Thatis, when the data driver
supplies eight data pulses, voltage rising period and/or
voltage falling period of one of eight data pulses is longer
than voltage rising period and/or voltage falling period of
the remaining data pulses.

[0175] Further,whenthe temperature ofthe data driver
is more than the second temperature and less than the
firsttemperature, voltage rising period and/or voltage fall-
ing period of one of six data pulses is relatively long.
When the temperature of the data driver is equal to or
more than the first temperature, voltage rising period
and/or voltage falling period of one of four data pulses is
relatively long.

[0176] A structure and an operation of the data driver
(refer to FIG. 3) for supplying one data pulse of longer
voltage rising period and/or longer voltage falling period
than voltage rising period and/or voltage falling period of
the remaining data pulses among the plurality of data
pulses will be described with reference to FIG. 14.
[0177] FIG. 14 illustrates a structure of a driver, pref-
erably, a data driver of the plasma display apparatus ac-
cording to the embodiment of the present invention.
[0178] As shown in FIG. 14, the driver, preferably, the
data driver of the plasma display apparatus according to
the embodiment of the present invention comprises a
datadrive integrated circuit (IC) 1200, a data voltage sup-
ply controller 1210, and an energy recovery circuit 1220.
[0179] The data voltage supply controller 1210 com-
prises a data voltage supply control switch Q1. The data
voltage supply controller 1210 supplies the data voltage
Vd supplied from a data voltage source (not shown) to
the data drive IC 1200.

[0180] The data drive IC 1200 is connected to the ad-
dress electrode X of the plasma display panel. The data
drive IC 1200 supplies a voltage supplied to the data
drive IC 1200 to the address electrode X through a pre-
determinate switch.

[0181] It is preferable that the data drive IC 1200 is
formed as one module independently of the data voltage
supply controller 1210 and the energy recovery circuit
1220. For example, it is preferable that the data drive IC
1200 is formed in the form of one chip on a tape carrier
package (TCP).
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[0182] Moreover, it is preferable that the data drive IC
1200 comprises a top switch Qt and a bottom switch Qb.
[0183] One end of the top switch Qt is commonly con-
nected to the data voltage supply controller 1210 and the
energy recovery circuit 1220. The other end of the top
switch Qt is connected to one end of the bottom switch
Qb.

[0184] The other end of the bottom switch Qb is
grounded. A second nod n2 between the other end of
the top switch Qt and one end of the bottom switch Qb
is connected to the address electrode X.

[0185] The energy recovery circuit 1220 comprises an
energy storing unit 1221, an energy supply controller
1222, an energy recovery controller 1223 and an inductor
unit 1224.

[0186] The energy storing unit 1221 comprises an en-
ergy storing capacitor C. The energy storing unit 1221
stores energy to be supplied to the address electrode X
of the plasma display panel and stores unavailable en-
ergy recovered from the plasma display panel.

[0187] The energy supply controller 1222 comprises
an energy supply control switch Q2. The energy supply
controller 1222 forms a supply path of energy supplied
from the energy storing capacitor C to the address elec-
trode X of the plasma display panel.

[0188] One end of the energy supply controller 1222
is connected to the energy storing capacitor C.

[0189] Itis preferable that the energy supply controller
1222 further comprises a reverse blocking diode D3 for
preventing an inverse current from flowing in the energy
storing unit 1221 through the energy supply control
switch Q2.

[0190] The energy recovery controller 1223 comprises
an energy recovery control switch Q3. The energy recov-
ery controller 1223 forms a recovery path of energy re-
covered from the address electrode X of the plasma dis-
play panel to the energy storing capacitor C.

[0191] One end of the energy recovery controller 1223
is commonly connected to the energy storing capacitor
C and the energy supply controller 1222.

[0192] Itis preferable that the energy recovery control-
ler 1223 further comprises a reverse blocking diode D4
for preventing an inverse current from flowing from the
energy storing unit 1221 to the energy recovery control
switch Q3.

[0193] Energy stored in the energy storing unit 1221
is supplied to the address electrode X of the plasma dis-
play panel through LC resonance of the inductor unit
1224. The unavailable energy of the plasma display pan-
el is recovered to the energy storing unit 1221 through
the LC resonance.

[0194] An operation of the driver, preferably, the data
driver of FIG. 14 will be described with reference to FIGS.
15a through 15¢ and FIGS. 16a through 16e.

[0195] FIGS. 15a through 15c illustrate an operation
of the driver of FIG. 14.

[0196] FIGS. 16a through 16e illustrate an operation
of the driver of FIG. 14.
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[0197] FIG. 15a shows switch timing of the driver, pref-
erably, the data driver of FIG. 14 for generating a pulse
of relatively shorter voltage rising period and/or relatively
shorter voltage falling period than voltage rising period
and/or voltage falling period of the remaining data pulses
among the plurality data pulses, like the second data
pulse dp2 of (b) of FIG. 7.

[0198] When the second data pulse dp2 is supplied to
the address electrode X of the plasma display panel, the
data voltage supply control switch Q1 of the data voltage
supply controller 1210 and the top switch Qt of the data
drive IC 1200 each are turned on and the energy supply
control switch Q2 and the energy recovery control switch
Q3 of the energy recovery circuit 1220 and the bottom
switch Qb of the data drive IC 1200 each are turned off.
[0199] As shown in FIG. 15b, the data voltage Vd is
supplied to the address electrode X of the plasma display
panel through the data voltage supply control switch Q1
of the data voltage supply controller 1210, a first node
n1, and the top switch Qt of the data drive IC 1200 in the
order named.

[0200] After supplying the data voltage Vd to the ad-
dress electrode X as shown in FIG. 15b, as shown in
FIG. 15c, a ground level voltage GND is supplied to the
address electrode X.

[0201] When the ground level voltage GND is supplied
to the address electrode X after supplying the data volt-
age Vd to the address electrode X as described above,
the bottom switch Qb of the data drive IC 1200 is turned
on and the data voltage supply control switch Q1 of the
data voltage supply controller 1210, the energy supply
control switch Q2 and the energy recovery control switch
Q3 of the energy recovery circuit 1220 and the top switch
Qt of the data drive IC 1200 each are turned off.

[0202] As a result, as shown in FIG. 15c, the ground
level voltage GND is supplied to the address electrode
X of the plasma display panel through the bottom switch
Qb of the data drive IC 1200.

[0203] The data pulse of relatively short voltage rising
period and/or relatively short voltage falling period is sup-
plied to the address electrode X of the plasma display
panel by the above-described operations.

[0204] The voltage difference between the data pulse
supplied to the address electrode X and a scan pulse
synchronized with the data pulse and supplied to the scan
electrode Y generates the address discharge during the
address period.

[0205] FIG. 16a shows switch timing of the driver, pref-
erably, the data driver of FIG. 14 for generating a pulse
of relatively longer voltage rising period and/or relatively
longer voltage falling period than voltage rising period
and/or voltage falling period of the remaining data pulses
among the plurality data pulses, like the first data pulse
dp1 of (a) of FIG. 7.

[0206] During a period d1 supplying the first data pulse
dp1 to the address electrode X of the plasma display
panel, as shown in FIG. 16b, the energy supply control
switch Q2 of the energy supply controller 1222 of the
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energy recovery circuit 1220 and the top switch Qt of the
data drive IC 1200 each are turned on.

[0207] Moreover, the energy recovery control switch
Q3 of the energy recovery circuit 1220, the data voltage
supply control switch Q1 of the data voltage supply con-
troller 1210 and the bottom switch Qb of the data drive
IC 1200 each are turned off.

[0208] As shown in FIG. 16b, the energy stored in the
energy storing capacitor C of the energy storing unit 1221
is supplied to the address electrode X of the plasma dis-
play panel through the energy supply controller 1222, the
inductor unit 1224 and the top switch Qt of the data drive
IC 1200 in the order named.

[0209] A voltage of the energy supplied to the address
electrode X of the plasma display panel gradually rises
at a predetermined slope during the period d1 by LC res-
onance ofthe inductor unit 1224. In other words, the grad-
ually rising voltage is supplied to the address electrode X.
[0210] After supplying the data voltage Vd to the ad-
dress electrode X during the period d1, the data voltage
Vd supplied to the address electrode X is maintained
during a period d2.

[0211] When the data voltage Vd is supplied to the
address electrode X during the period d2 as described
above, the data voltage supply control switch Q1 of the
data voltage supply controller 1210 and the top switch
Qt of the data drive IC 1200 each are turned on. Further,
the energy supply control switch Q2 and the energy re-
covery control switch Q3 of the energy recovery circuit
1220 and the bottom switch Qb of the data drive IC 1200
each are turned off.

[0212] Asaresult, as shownin FIG. 16¢, the data volt-
age Vdis supplied to the address electrode X of the plas-
ma display panel through the data voltage supply control
switch Q1 of the data voltage supply controller 1210, the
first node n1 and the top switch Qt of the data drive IC
1200 in the order named.

[0213] After supplying the data voltage Vd to the ad-
dress electrode X during the period d2, a gradually falling
voltage is supplied to the address electrode X during a
period d3.

[0214] During the period d3 supplying the gradually
falling voltage to the address electrode X of the plasma
display panel, as shown in FIG. 16d, the energy recovery
control switch Q3 of the energy recovery controller 1223
of the energy recovery circuit 1220 and the top switch Qt
of the data drive IC 1200 each are turned on.

[0215] Moreover, the energy supply control switch Q2
of the energy recovery circuit 1220, the data voltage sup-
ply control switch Q1 of the data voltage supply controller
1210 and the bottom switch Qb of the data drive IC 1200
each are turned off.

[0216] As shownin FIG. 16d, the ineffective energy of
the plasma display panel is recovered to the energy stor-
ing capacitor C of the energy storing unit 1221 through
the top switch Qt of the data drive IC 1200, the inductor
unit 1224 and the energy recovery controller 1223.
[0217] A voltage of the energy recovered from the ad-
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dress electrode X of the plasma display panel gradually
falls at a predetermined slope during the period d3 by LC
resonance of the inductor unit 1224. In other words, the
gradually falling voltage is supplied to the address elec-
trode X.

[0218] After supplying the data voltage Vd to the ad-
dress electrode X as shown in FIG. 16d, a ground level
voltage GND is supplied to the address electrode X as
shown in FIG. 16d.

[0219] When the ground level voltage GND is supplied
to the address electrode X, the bottom switch Qb of the
data drive IC 1200 is turned on. Further, the data voltage
supply control switch Q1 of the data voltage supply con-
troller 1210, the energy supply control switch Q2 and the
energy recovery control switch Q3 of the energy recovery
circuit 1220 and the top switch Qt of the data drive IC
1200 each are turned off.

[0220] As a result, as shown in FIG. 16e, the ground
level voltage GND is supplied to the address electrode
X of the plasma display panel through the bottom switch
Qb of the data drive IC 1200.

[0221] The data pulse of relatively long voltage rising
period and/or relatively long voltage falling period is sup-
plied to the address electrode X of the plasma display
panel by the above-described operations.

[0222] The voltage difference between the data pulse
supplied to the address electrode X and a scan pulse
synchronized with the data pulse and supplied to the scan
electrode Y generates the address discharge during the
address period.

[0223] In the plasma display apparatus according to
the embodiment of the present invention operated as de-
scribed above, breakdown voltages of the switching el-
ements, for example, the top switch Qt and the bottom
switch Qb used in the data drive IC of FIG. 14 may be
relatively less than breakdown voltages of the switching
elements of the related art plasma display apparatus of
FIG. 1.

[0224] For example, when the data pulse is supplied
tothe address electrode X as shownin FIGS. 15a through
15c, a current flowing in the top switch Qt of the data
drive IC 1200 and a power consumed in the top switch
Qt are approximately equal to the current and the power
of the above Equation 1.

[0225] In other words, when the data voltage is 60 V,
the top switch Qt of the data drive IC 1200 of FIGS. 15a
through 15c consumes a power corresponding to (i X 60
V). At this time, heat is generated in the top switch Qt in
proportion to the consumption power W.

[0226] For example, when a resistance of the top
switch Qt and a resistance of the data voltage supply
control switch Q1 each are 30 Q, heat corresponding to
[(60/30) x 60 =120 W] is generated in the top switch Qt.
[0227] Unlike FIGS. 15a through 15c, when the data
pulse of the relatively long voltage rising period and/or
the relatively long voltage falling period is supplied to the
address electrode X as shown in FIGS. 16a through 16e,
a current flowing in the top switch Qt of the data drive IC
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1200 and a power consumed in the top switch Qt will be
described.

[0228] When the data pulse of the relatively long volt-
age rising period and/or the relatively long voltage falling
period is supplied to the address electrode X as shown
in FIGS. 16athrough 16e, the energy stored in the energy
storing unit 1221 is supplied to the top switch Qt of the
data drive IC 1200 through LC resonance of the inductor
unit 1224.

[0229] Asaresult, when the data pulse of the relatively
long voltage rising period and/or the relatively long volt-
age falling period is supplied, like the first data pulse dp1
of (a) of FIG. 7, most heat generated in the driver, pref-
erably, the data driver is concentrated in the energy re-
covery circuit 1220 and an extremely small amount of
heat is generated in the data drive IC 1200.

[0230] More specifically, since the energy stored in the
energy storing unit 1221 is supplied to the top switch Qt
of the data drive IC 1200 through the LC resonance of
the inductor unit 1224 during the period d1 in FIG. 163,
most heat is generated in the energy supply control
switch Q2 of the energy supply controller 1222 and the
inductor unit 1224. Accordingly, an extremely small
amount of heat is generated in the top switch Qt.
[0231] Since the difference between a voltage sup-
plied from the energy recovery circuit 1220 to the top
switch Qt through the LC resonance of the inductor unit
1224 and a voltage supplied from the data voltage supply
controller 1210 to the top switch Qt is very small during
the period d2 in FIG. 16a, changes in a voltage of the top
switch Qt is very small. Accordingly, an amount of the
current flowing in the top switch Qt during the period d2
is very small. As a result, the extremely small amount of
heatis generated in the top switch Qtduring the period d2.
[0232] Since the ineffective energy of the plasma dis-
play panel is recovered to the energy storing unit 1221
through the LC resonance of the inductor unit 1224 during
the period d3 in FIG. 16a, most heat is generated in the
energy recovery control switch Q3 of the energy recovery
controller 1223 and the inductor unit 1224. Accordingly,
the extremely small amount of heat is generated in the
top switch Qt.

[0233] In short, when the data pulse like (a) of FIG. 7
is supplied to the address electrode X of the plasma dis-
play panel, heat generated in the driver, preferably, the
data driver is not concentrated in a specific element and
is dispersed.

[0234] For example, when the second data pulse dp2
of (b) of FIG. 7 is supplied, heat is generated in the top
switch Qt of the data drive IC 1200.

[0235] On the other hand, when the first data pulse
dp1 of (a) of FIG. 7 is supplied, most heat is generated
in the energy recovery circuit 1220 and the extremely
small amount of heat is generated in the top switch Qt of
the data drive IC 1200.

[0236] Accordingly, when a data pulse of a pattern
shown in FIG. 13 is supplied, the generation of heat in
the top switch Qt of the data drive IC 1200 decreases by
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about 50% compared with the related art plasma display
apparatus of FIG. 1.

[0237] Inotherwords, heatgeneratedinthe data driver
of the plasma display apparatus according to the embod-
iment of the present invention is dispersed in the data
drive IC 1200, the energy recovery circuit 1220 and the
data voltage supply controller 1210.

[0238] Accordingly, when driving the data driver of the
plasma display apparatus according to the embodiment
of the presentinvention, thermal damage of the switching
element of the data driver, for example, the top switch
Qt of the data drive IC 1200 is prevented. Not only the
thermal damage of the top switch Qt but also the thermal
damage of the bottom switch Qb are prevented.

[0239] In short, when the temperature of the driver,
preferably, the data driver increases, heat generated in
the data driver is dispersed more easily by increasing the
supply number of data pulses of the relatively long volt-
age rising period and/or the relatively long voltage falling
period.

[0240] The plurality of address electrodes is divided
into a plurality of address electrode groups. It is possible
to adjust voltage rising period and/or voltage falling pe-
riod of the data pulse supplied to the plurality of address
electrode groups.

[0241] FIG. 17 illustrates a method of dividing a plu-
rality of address electrodes of a plasma display panel
into two address electrode groups.

[0242] AsshowninFIG. 17, a plurality of address elec-
trodes X on a plasma display panel 1800 are divided into
two address electrode groups A and B.

[0243] Forexample, whenthe numberof address elec-
trodes X on the plasma display panel 1800 is m, the ad-
dress electrode group Aincludes afirstaddress electrode
to a m/2-th address electrode. The address electrode
group B includes a (m/2)+1-th address electrode to a m-
th address electrode.

[0244] The reason why the number of address elec-
trode groups is set as two is that it is advantageous to
divide the plasma display panel into two regions, for ex-
ample, a left part and a right part in consideration of the
manufacturing cost of the driving board.

[0245] In FIG. 17, the plurality of address electrodes
X of the plasma display panel are divided two address
electrode groups. However, the number of address elec-
trode groups may be changed. Two or more address
electrode groups will be described with reference to FIG.
18.

[0246] FIG. 18 illustrates a method of dividing a plu-
rality of address electrodes of a plasma display panel
into four address electrode groups.

[0247] AsshowninFIG. 18, a plurality of address elec-
trodes X on a plasma display panel 1900 are divided into
four address electrode groups A, B, C and D.

[0248] The number of address electrode groups is 2
or more and less than the total number of address elec-
trodes. That is, when the total number of address elec-
trodes is m and the total number of address electrode
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groups is N, a relationship between m and N may be
represented by 2 < N< (m-1) .

[0249] In FIG. 18, the address electrode groups A, B,
¢ and D each have the same number of address elec-
trodes. However, the number of address electrodes of
some of the address electrode groups A, B, C and D may
be different from the number of address electrodes of the
remaining address electrode groups. The number of ad-
dress electrode groups may be changed.

[0250] FIG. 19 illustrates a method of dividing a plu-
rality of address electrodes of a plasma display panel
into a plurality of address electrode groups, whose one
or more include the different number of address elec-
trodes from the number of address electrodes of the re-
maining address electrode groups.

[0251] AsshowninFIG. 19, a plurality of address elec-
trodes X on a plasma display panel 2000 are divided into
five address electrode groups A, B, C, D and E.

[0252] The number of address electrodes of one or
more of the address electrode groups A, B, C, D and E
is different from the number of address electrodes of the
remaining address electrode groups. In FIG. 19, the ad-
dress electrode groups A, B, C, D and E each have the
different number of address electrodes.

[0253] The address electrode group C includes only
one address electrode, that is, a sixteenth address elec-
trode X16. In other words, one address electrode forms
one address electrode group.

[0254] As described above, the driving method of the
plasma display apparatus, in which the address elec-
trodes X of the plasma display panel are divided into the
plurality of address electrode groups, for example, two
address electrode groups as shown in FIG. 17, will be
described with reference to FIG. 20.

[0255] FIG. 20 illustrates a structure of a driver for sup-
plying data pulses of different patterns to two address
electrode groups.

[0256] AsshowninFIG. 20, when aplurality of address
electrodes X on a plasma display panel 2200 are divided
into two address electrode groups A and B, a driver 2210
of the plasma display apparatus according to the embod-
imentofthe presentinvention comprises afirst data driver
2211 for supplying a data pulse to the address electrode
group A and a second data driver 2212 for supplying a
data pulse to the address electrode group B.

[0257] The first and second data drivers 2211 and
2212 supply the data pulses of the different patterns to
the address electrode groups A and B, respectively.
[0258] An operation of the plasma display apparatus
according to the embodiment of the present invention, in
which the plurality of address electrodes are divided into
two address electrode groups, will be described with ref-
erence to FIG. 21.

[0259] FIG. 21 illustrates an operation of the plasma
display apparatus according to the embodiment of the
present invention in which a plurality of address elec-
trodes are divided into two address electrode groups.
[0260] FIG. 21 shows a data pulse supplied to each of
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two address electrode groups A and B when a plurality
ofaddress electrodes X are divided into two address elec-
trode groups A and B and first and second data drivers
for supplying the data pulse to each of the address elec-
trode groups A and B are formed.

[0261] When the temperature of the driver, preferably,
the data driver is relatively high and equal to or more than
thefirst temperature, one or more data pulses of relatively
long voltage rising period and/or relatively long voltage
falling period are supplied to at least one of the plurality
of address electrode groups including one or more ad-
dress electrodes X.

[0262] Suppose that a temperature of the first data
driver 2211 of FIG. 20 for supplying a data pulse of a
pattern of (a) of FIG. 21 to the address electrode group
A is lower than a temperature of the second data driver
2212 of FIG. 20 for supplying a data pulse of a pattern
of (b) of FIG. 21 to the address electrode group B.
[0263] Forexample, as shownin (a) of FIG. 21, a tenth
data pulse dp10, a twentieth data pulse dp20, a thirtieth
data pulse dp30, a fortieth data pulse dp40 and a fiftieth
data pulse dp50 are supplied to the address electrode
group A including a first address electrode X1 to a fiftieth
address electrode X50. The voltage rising period and/or
the voltage falling period of the tenth data pulse dp10
and the fortieth data pulse dp40 is relatively longer than
the voltage rising period and/or the voltage falling period
of the twentieth data pulse dp20, the thirtieth data pulse
dp30 and the fiftieth data pulse dp50.

[0264] Further, as shownin (b) of FIG. 21, a tenth data
pulse dp10, a twentieth data pulse dp20, a thirtieth data
pulse dp30, a fortieth data pulse dp40 and a fiftieth data
pulse dp50 are sequentially supplied to the address elec-
trode group B including a fifty first address electrode X51
to a hundredth address electrode X100. The voltage ris-
ing period and/or the voltage falling period of the data
pulses dp10, dp20, dp30, dp40 and dp50 supplied to the
address electrode group B is relatively longer than the
voltage rising period and/or the voltage falling period of
the data pulses dp10, dp20, dp30, dp40 and dp50 sup-
plied to the address electrode group A.

[0265] Accordingly, the number of data pulses of the
relatively long voltage rising period and/or the relatively
long voltage falling period among the plurality of data
pulses supplied from the second data driver 2212, whose
the temperature is higher than the temperature of the first
data driver 2211, is more than the number of data pulses
of the relatively long voltage rising period and/or the rel-
atively long voltage falling period among the plurality of
data pulses supplied from the first data driver 2211.
[0266] FIG. 22 illustrates an operation of the plasma
display apparatus according to the embodiment of the
present invention, in which a plurality of address elec-
trodes are divided into three or more address electrode
groups.

[0267] FIG. 22 shows a data pulse supplied to each of
address electrode groups when a plurality of address
electrodes X are divided into three or more address elec-
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trode groups, for example, four address electrode groups
A, B, C and D as shown in FIG. 18.

[0268] When the plurality of address electrodes X on
the plasma display panel are divided into four address
electrode groups A, B, C and D as described above, the
plasma display apparatus may comprise four datadrivers
(not shown) for supplying a data pulse to each of four
address electrode groups A, B, C and D. Since the data
drivers for supplying the data pulse to each of the plurality
of address electrode groups are described with reference
to FIG. 20, a description thereof is omitted.

[0269] When the temperature of the driver, preferably,
the data driver is relatively high and equal to or more than
thefirsttemperature, one or more data pulses of relatively
long voltage rising period and/or relatively long voltage
falling period are supplied to at least one of the plurality
of address electrode groups including one or more ad-
dress electrodes X.

[0270] Asdescribed above, the energy recovery circuit
is added to the driver, preferably, the data driver for sup-
plying the data pulse in the plasma display apparatus
according to the embodiment of the present invention.
Accordingly, heat generated by driving the plasma dis-
play apparatus is prevented being concentrated in the
specific element, preferably, the data drive IC. Further,
thermal and electrical damage of the data drive IC is pre-
vented so that operation stability of the plasma display
apparatus is improved.

[0271] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spirit or
scope of the invention. Thus, it is intended that the
present invention cover the modifications and variations
of this invention provided they come within the scope of
the appended claims and their equivalents.

Claims
1. A plasma display apparatus comprising:

a plasma display panel comprising an address
electrode; and

a driver for supplying a first data pulse to the
address electrode when a temperature of the
plasmadisplay panel or an ambienttemperature
of the plasma display panel is less than a first
temperature,

wherein the driver supplies the second data pulse of
different from the first data pulse to the address elec-
trode when the temperature of the plasma display
panel or the ambient temperature of the plasma dis-
play panel is equal to or more than the first temper-
ature.

2. The plasma display apparatus of claim 1, wherein
the first data pulse and the second data pulse are
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applied in the same subfield.

The plasma display apparatus of claim 1, wherein
the voltage rising period and/or the voltage falling
period of the second data pulse is more than the
voltage rising period and/or the voltage falling period
of the first data pulse.

The plasma display apparatus of claim 3, wherein
the voltage rising period ranges from 10% of a max-
imum value of the first data pulse or the second data
pulse to 90% of the maximum value, and the voltage
falling period ranges from 90% of the maximum value
to 10% of the maximum value.

The plasma display apparatus of claim 1, wherein
the voltage rising period and/or the voltage falling
period of the first data pulse or the second data pulse
ranges from 500 ns to 1,000 ns.

A plasma display apparatus comprising:

a plasma display panel comprising an address
electrode;

a data driver for supplying a first data pulse to
the address electrode; and

an energy recovery circuit for supplying a sec-
ond data pulse different from the first data pulse
supplied fromthe data driverto the address elec-
trode depending on a temperature of the plasma
display panel or an ambient temperature of the
plasma display panel.

The plasma display apparatus of claim 6, wherein
the data driver supplies the first data pulse to the
address electrode when the temperature of the plas-
ma display panel or the ambient temperature of the
plasma display panel is less than a first temperature.

The plasma display apparatus of claim 6, wherein
the energy recovery circuit supplies the second data
pulse different from the first data pulse to the address
electrode when the temperature of the plasma dis-
play panel or the ambient temperature of the plasma
display panel is equal to or more than the first tem-
perature.

The plasma display apparatus of claim 8, wherein
the voltage rising period and/or the voltage falling
period of the second data pulse is more than the
voltage rising period and/or voltage falling period of
the first data pulse.

The plasma display apparatus of claim 9, wherein
the voltage rising period ranges from an application
time point of 10% of a maximum value of the first
data pulse or the second data pulse to an application
time point of 90% of the maximum value, and the
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voltage falling period ranges from an application time
point of 90% of the maximum value to an application
time point of 10% of the maximum value.

The plasma display apparatus of claim 9, wherein
the voltage rising period and/or the voltage falling
period of the first data pulse or the second data pulse
ranges from 500 ns to 1,000 ns.

A method of driving a plasma display apparatus com-
prising:

supplying a first data pulse to an address elec-
trode when a temperature of a plasma display
panel or an ambient temperature of the plasma
display panelislessthan afirsttemperature; and
supplying a second data pulse different from the
first data pulse to the address electrode when
the temperature of the plasma display panel or
the ambient temperature of the plasma display
panel is equal to or more than the first temper-
ature.

The method of claim 12, wherein the first data pulse
and the second data pulse are applied in the same
subfield.

The method of claim 12, wherein the voltage rising
period and/or the voltage falling period of the second
data pulse is more than the voltage rising period
and/orthe voltage falling period of the first data pulse.

The method of claim 14, wherein the voltage rising
period ranges from an application time point of 10%
of a maximum value of the first data pulse or the
second data pulse to an application time point of 90%
of the maximum value, and the voltage falling period
ranges from an application time point of 90% of the
maximum value to an application time point of 10%
of the maximum value.

The method of claim 12, wherein the voltage rising
period and/or the voltage falling period of the first
data pulse or the second data pulse ranges from 500
ns to 1,000 ns.
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Fig. 1
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Fig. 2

Related art

Vd
Xa GND
vd
Xb GND
vd
Xc GND
High (On)
Qu Low (Off)
High (On)
Qb Low (Of f)
High (On)
Qtz2 Low (Of £}
High(On)
Qbz Low (Of )
High (On)
Qia Low(Off)
High(On)
Qbs Low (Off)

17



EP 1793 364 A2

Fig. 3
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Fig. 4
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Fig. 5
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Fig. 7
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Fig. 8a
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Fig. 9a
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Fig. 10
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Fig. 13
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Fig. 14
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Fig. 15a
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Fig. 16b
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Fig. 16d
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Fig. 16e
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Fig. 18
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Fig. 21
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Fig. 22
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